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868Objective:We sought to compare early and 1-year angiographic results of various coronary artery bypass graft-
ing configurations with the right internal thoracic artery in combination with the left internal thoracic artery.
Methods:We reviewed the records of 705 patients who underwent bilateral internal thoracic artery grafting be-
tween September 2004 and November 2008. The right internal thoracic artery was used as an in situ graft in 547
patients and as a free graft in 158 patients. We compared operative and postoperative variables and early and
1-year angiographic patency rates of the right internal thoracic artery between the groups.
Results: The operative mortality and incidence of postoperative complications were not significantly different
between groups. The overall patency rates of the right internal thoracic artery were 98.8% at early angiography
and 94.3% at 1-year postoperative follow-up. There were no significant differences in patency rate between in
situ and free right internal thoracic artery grafts (98.6% vs 99.3% early and 95.3% vs 89.8% at 1 year). The
best patency rate of the right internal thoracic artery was achieved with in situ grafting to the left anterior descend-
ing system (99.4% early and 98.5% at 1 year).
Conclusions: Patency rates of in situ and free right internal thoracic artery grafts were similar in early and 1-year
angiographic studies. Among various configurations, the best patency of the right internal thoracic artery was
obtained with in situ grafting to the left anterior descending coronary artery. (J Thorac Cardiovasc Surg
2010;139:868-73)Internal thoracic artery (ITA) grafts are the most reliable
conduits for revascularization of diseased coronary arteries
because of their long-term durability.1 The use of bilateral
ITA grafts has been shown to provide better survival and
economic benefits than the use of single ITA grafts.2 Fur-
thermore, the patency rate and survival benefits were satis-
factory when bilateral ITAs were used for the left coronary
system.3 There are, however, many different arrangements
of the bilateral ITA in left-sided myocardial revasculariza-
tion. In particular, the right ITA has been flexibly used as
an in situ or free graft in combination with an in situ left
ITA.4 An in situ right ITA can be used for anterior territory
(the left anterior descending coronary artery [LAD] and di-
agonal branch) along the front of the ascending aorta or lat-
eral territory (obtuse marginal or posterolateral branch)
through the transverse sinus. A free right ITA can be used
as a composite graft or aortocoronary bypass graft.5
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The Journal of Thoracic and Cardiovascular SurgITA grafting. The aim of this study was to examine the early
and 1-year angiographic results of various strategies with
right ITA grafts in combination with in situ left ITA grafts.
Furthermore, we sought to evaluate the serial angiographic
outcomes of right ITA grafts.
MATERIALS AND METHODS
Patient Population
Between September 2004 and November 2008, a total of 827 patients
underwent isolated coronary artery bypass grafting at Sakakibara Heart
Institute. Of these patients, 705 (85.2%) underwent bilateral ITA grafting.
Preoperative characteristics of these 705 patients are shown in Table 1. We
used bilateral ITA for patients who needed revascularization of both the
LAD and left circumflex artery territories. The right ITA was used as an
in situ graft in 547 patients (77.6%) and as a free graft in 158 patients
(22.4%). Our grafting strategy of right ITA is described in Table 2.
When the right ITA was used as an inflow of other grafts (radial artery or
saphenous vein graft), an end-to-end anastomosis was performed between
grafts. We applied multiple sequential grafting with the free right ITA in pa-
tients with a limited number of grafts. When we anastomosed the free right
ITA to the ascending aorta, we routinely used intraoperative epiaortic echo-
cardiography to detect a disease-free area of the aorta. When we anasto-
mosed the free right ITA proximally to another graft (left ITA, radial
artery, or saphenous vein graft), we created a Y-composite graft.
Operation
The operative technique used for off-pump coronary artery bypass graft-
ing has been described previously.6 All arterial grafts were harvested in
a skeletonized fashion with an ultrasonic scalpel (Harmonic Scalpel; Ethi-
con Endosurgery, Cincinnati, Ohio). We bypassed all significantly diseased
coronary vessels (at least 50% diameter reduction) larger than 1 mm in di-
ameter. We performed long segmental reconstruction when the LAD was
diffusely diseased and its branches, such as septal and diagonal arteries,ery c April 2010
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Dwere affected by severe atheromatous plaques. An arteriotomy was ex-
tended proximally and distally to the intact segment of the LAD. Addition-
ally, we performed endarterectomy when the atheromatous plaque was
circumferential or too hard to pass a needle. The left ITA was anastomosed
to the LAD in a long on-lay patch fashion with 7-0 and 8-0 polypropylene
running sutures. The detailed indication, technique, and outcomes of long
segmental reconstruction of the LAD have been described previously.7
Although the sequential grafting to a proximal and a distal LAD could
achieve the same objective, we prefer this method and have had excellent
outcomes.7
Angiography
Early postoperative angiography was performed in 579 patients (82.1%)
who gave us informed consent. Median time of early postoperative angiog-
raphy was 10 days after surgery (range 1–20 days). If a patient had symp-
toms during follow-up, diagnostic angiography was performed at that
time. For patients who did not have symptoms within 1 year after surgery,
follow-up angiography was performed at 1 year. The follow-up postopera-
tive angiography was performed for 336 patients (47.7%) at a median of
12.2 months after surgery (range 2–21 months). Of these patients, 312 pa-
tients (44.3%) underwent both early and 1-year angiographic studies.
We compared the preoperative, intraoperative, postoperative, and angio-
graphic variables between patients with in situ right ITA grafts and those
with free right ITA grafts. All data were collected prospectively and re-
viewed retrospectively. The institutional review board approved this retro-
spective study and waived the need for written consent.BLE 1. Preoperative characteristics of patients with right internal thor
All (n ¼ 705)
e (y, mean  SD) 67.9  9.4
(no. female) 125 (17.7%)
y surface area (m2, mean  SD) 1.7  0.2
stable angina (no.) 225 (31.9%)
adian Cardiovascular Society class (mean  SD) 2.2  0.9
ction fraction (%, mean  SD) 55.7  12.1
eased vessels (mean  SD) 2.8  0.4
t main disease (no.) 240 (34.0%)
atinine (mg/dL, mean  SD) 1.2  1.4
gestive heart failure (no.) 95 (13.5%)
vious myocardial infarction (no.) 344 (48.8%)
pertension (no.) 469 (66.5%)
betes mellitus (no.) 341 (48.4%)
ulin (no.) 79 (11.2%)
perlipidemia (no.) 433 (61.4%)
oking (no.) 427 (60.6%)
vious stroke (no.) 88 (12.5%)
ipheral vascular disease (no.) 65 (9.2%)
onic obstructive pulmonary disease (no.) 28 (4.0%)
nelective (no.) 88 (12.5%)
vious percutaneous coronary intervention (no.) 200 (28.4%)
peration (no.) 9 (1.3%)
The Journal of Thoracic and CaNonelective operations included both emergency and urgent cases ac-
cording to the definition of the Society of Thoracic Surgeons database.
Operative death was defined as death occurring within 30 days after sur-
gery. Low-output syndrome was defined as the postoperative need for any
dose of adrenaline or more than 5 mg kg1 min1 of dopamine or dobut-
amine. Perioperative myocardial infarction was defined as a positive result
for new Q waves in an electrocardiogram or a peak creatine kinase MB
level of greater than 10% of total creatine kinase. Respiratory failure
was defined as requirement for prolonged ventilation (>48 hours) or pres-
ence of pneumonia. A postoperative cerebrovascular accident was defined
as a new stroke or intracranial bleeding and was confirmed by computed
tomography. In patients with preoperative stroke, postoperative stroke
was defined as a worsening of the neurologic deficit with new radiologic
findings.
Patent graft was defined as a graft without occlusion, significant stenosis
(>90%), or string sign. String sign was defined as luminal narrowing
throughout the entire conduit, including stenosis of 90% or greater. Grafts
with competitive flow or reverse flow were considered patent unless they
had occlusion, significant stenosis, or string sign. Competitive flow and re-
verse flowwere defined according to the classification by Nakajima and col-
leagues.8 Competitive flow was defined as a situation in which the target
vessel was barely opacified from the ITA graft injection and the bypass graft
was filled by retrograde flow from the native coronary injection. Reverse
flow was defined as a situation in which the distal anastomotic site was
not opacified from the ITA graft injection at all but was filled clearly by ret-
rograde flow from the native coronary injection.
Early and 1-year patency rates were calculated by dividing the number of
patent grafts by the total number of grafts. If patients with early nonpatent
grafts underwent 1-year angiography, those nonpatent grafts were also
counted as 1-year nonpatent grafts.
Statistical Analysis
All statistical analyses were performed with StatView 5.0 software (SAS
Institute Inc, Cary, NC). Continuous variables are reported as the mean 
SD if normally distributed. Otherwise, they are reported as median.acic artery as in situ or free graft
In situ (n ¼ 547) Free (n ¼ 158) P value
68.2  9.2 66.7  10.0 .0837
90 (16.5%) 35 (22.2%) .1250
1.7  0.2 1.6  0.2 .0119
177 (32.4%) 48 (30.4%) .7090
2.3  0.9 2.2  0.8 .5474
55.8  11.9 55.7  12.3 .9380
2.8  0.4 2.9  0.3 .0118
190 (34.7%) 50 (31.6%) .5309
1.1  1.2 1.4  1.9 .0257
65 (11.9%) 30 (19.0%) .0299
263 (48.1%) 81 (51.3%) .5385
365 (66.7%) 104 (65.8%) .9071
250 (45.7%) 91 (57.6%) .0109
54 (9.9%) 25 (15.8%) .0517
337 (61.6%) 96 (60.8%) .9199
327 (59.8%) 100 (63.3%) .4820
64 (11.7%) 24 (15.2%) .3018
45 (8.2%) 20 (12.7%) .1235
18 (3.3%) 10 (6.3%) .1358
81 (14.8%) 7 (4.4%) .0003
152 (27.8%) 48 (30.4%) .5916
5 (0.9%) 4 (2.5%) .1195
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TABLE 2. Strategy for using either in situ or free right internal thoracic artery graft
Target Reasons No.
In situ 547
Left anterior descending artery Unstable left main or bifurcation disease 124
Diagonal branch Larger than other lateral vessels; inflow
of radial artery graft as Y graft
262
Circumflex artery Single major lateral vessel 128
Inflow for another graft Diseased aorta 33
Free 158
Diagonal branch Multiple grafting 26
Circumflex artery Multiple grafting 132
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crete variables were compared with the c2 test or Fisher exact test.
RESULTS
Clinical Outcomes
Preoperative characteristics of both groups are shown in
Table 1. Mean body surface area was significantly larger
in the in situ right ITA group than in the free right ITA group
(P ¼ .0119). The mean number of diseased vessels was sig-
nificantly larger in the free right ITA group than in the in situ
right ITA group (P ¼ .0118). Preoperative creatinine levels
were significantly higher in the free right ITA group than in
the in situ right ITA group (P ¼ .0299). The free right ITA
group contained a significantly larger number of patients
with histories of congestive heart failure and diabetes melli-
tus than did the in situ right ITA group (P ¼ .0299 and
P ¼ .0109, respectively). More patients in the in situ right
ITA group underwent emergency or urgent operations than
in the free right ITA group (P ¼ .0003).
Operative and postoperative variables are listed in Table 3.
There was no significant difference in the mean number
of distal anastomoses per patient between the groups (P ¼
.9290). The number of distal anastomoses of the right
ITA, however, was higher in the free ITA group than in
the in situ ITA group (P< .0001).
Long segmental reconstruction of the LAD was carried
out with the left ITA in 288 patients (40.9%). The operative
time in the free right ITA group was significantly longer than
that in the in situ right ITA group (P¼ .0007). The operative
mortality was not significantly different between the groups
(P ¼ 0.6569). The incidence of postoperative complications
was also not significantly different between the groups.
During the follow-up period, among the 705 patients there
were 10 patients with recurrent angina, 12 with congestive
heart failure, and 1 with stroke.
Angiographic Outcomes
The follow-up angiographic studies included patients
without symptoms (n ¼ 326) and those with symptoms
(n¼ 10). Among the 10 patients with symptoms, percutane-
ous coronary intervention was performed in 5 cases. Of these870 The Journal of Thoracic and Cardiovascular Surg5 patients, 2 patients needed percutaneous coronary inter-
vention for new coronary lesions. The other 3 patients
needed percutaneous coronary intervention for stenosis of
the gastroepiploic artery graft. Five patients who did not
undergo percutaneous coronary intervention had stenosis
of small native coronary arteries that were not an indication
for intervention. None of these 10 patients were found to
have a lesion related to the right ITA graft.
The overall patency rates of the right ITA were 98.8% at
early angiography and 94.3% at 1-year angiography. The
patency rates of the left ITA were 99.1% in the early study
and 97.0% in the 1-year study. There were no significant dif-
ferences in the early (P¼ .7732) and 1-year (P¼ .1288) pa-
tency rates between the left and right ITAs. Patency rates
of various configurations of the right ITA at both early and
1-year angiographic studies are listed in Table 4.
In early examinations, there was no significant difference
in the patency rate between in situ and free right ITAs (p>
.9999). In the in situ right ITA group, the patency rate of the
right ITA graft when used as an inflow to other grafts was
significantly lower than when used as a direct graft to coro-
nary arteries (P¼ .0149). In the free right ITA group, the site
of proximal anastomoses (composite or aorta) did not affect
the patency rate (P> .9999). In 1-year examinations, there
was also no significant difference in the patency rate be-
tween in situ and free right ITAs (P ¼ .1792). In the in
situ right ITA group, the patency rate of the right ITA anas-
tomosed to the anterior territory was superior to that of other
grafting methods (P<.0001). In the free group, there was no
significant difference in the patency rate between sites of
proximal anastomoses (P> .9999).
When we compared the patency rates between the ante-
rior and posterior routes in patients with in situ right ITA,
there was no difference in early patency rate between these
configurations (P ¼ .2735). The 1-year patency rate of the
anterior route, however, was superior to that of the poste-
rior route (P ¼ .0042).
Nonpatent right ITA grafts at any time are listed in Table 5.
Among 21 nonpatent grafts, 16 grafts (76.1%) were anasto-
mosed to the coronary artery with low stenosis rate
(50%75%).ery c April 2010
TABLE 3. Operative and postoperative data of patients with right internal thoracic artery as in situ or free graft
All (n ¼ 705) In situ (n ¼ 547) Free (n ¼ 158) P value
Anastomoses per patient (mean  SD) 4.2  1.2 4.2  1.2 4.2  1.1 .9290
Anastomoses of right internal thoracic artery per patient (mean  SD) 1.1  0.5 1.0  0.3 1.7  0.7 <.0001
Grafts per patient (mean  SD) 3.3  0.6 3.1  0.5 <.0001
Long segment reconstruction of left anterior descending artery (no.) 288 (40.9%) 218 (39.9%) 70 (44.3%) .3625
Operative time (min, mean  SD) 282.3  59.1 278.3  57.9 296.3  61.2 .0007
Transfusion (no.) 257 (36.5%) 192 (35.1%) 65 (41.1%) .1952
Intubation (h, mean  SD) 10.1  16.2 10.4  17.3 9.0  11.1 .3359
Intensive care unit stay (d, mean  SD) 2.0  8.2 2.1  9.2 1.7  1.6 .5414
Operative death (within 30 d, no.) 7 (1.0%) 5 (0.9%) 2 (1.3%) .6569
Reexploration for bleeding (no.) 6 (0.9%) 4 (0.7%) 2 (1.3%) .6208
Low output syndrome (no.) 12 (1.7%) 10 (1.8%) 2 (1.3%) >.9999
Perioperative myocardial infarction (no.) 12 (1.7%) 9 (1.6%) 3 (1.9%) .7366
Severe ventricular arrhythmia (no.) 5 (0.7%) 2 (0.4%) 3 (1.9%) .0774
Atrial fibrillation (no.) 186 (26.4%) 147 (26.9%) 39 (24.7%) .6542
Hemodialysis required (no.) 14 (2.0%) 10 (1.8%) 4 (2.5%) .5282
Stroke (no.) 8 (1.1%) 6 (1.1%) 2 (1.3%) >.9999
Mediastinitis (no.) 12 (1.7%) 7 (1.3%) 5 (3.2%) .1534
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who underwent both early and 1-year angiographic studies.
In this subgroup of patients, there were no significant differ-
ences in the patency rate at early (P> .9999) and 1-year
(P ¼ .0711) angiography between in situ and free right ITA
groups. Among patients with in situ right ITA grafts (n ¼
257), 4 patients had nonpatent right ITA in the early study
and 10 patients had nonpatent right ITA in the 1-year study.
Six patients had newly developed nonpatency of right ITA
graft at the 1-year study. Four of these 6 patients had a
low stenosis rate (50%75%) in the target coronary artery.
On the other hand, among patients with a free right ITA
(n¼ 55), there was 1 patient whose right ITA was not patent
in the early study and 6 patients whose right ITAs were not
patent in the 1-year study. Five patients had newly devel-
oped nonpatent free right ITA grafts at the 1-year study.
These 5 patients had a low stenosis rate (50%75%) of
the target coronary artery.DISCUSSION
The right ITA is frequently used as a second or third arte-
rial graft, as well as the radial artery or gastroepiploic artery.9TABLE 4. Cumulative angiographic patency rates of in situ and free
right internal thoracic artery grafts
Early (n ¼ 579) 1 y (n ¼ 336)
Total 98.8% (572/579) 94.3% (317/336)
In situ 98.6% (438/444) 95.3% (264/277)
Anterior 99.4% (307/309) 98.5% (197/200)
Lateral 98.1% (105/107) 89.3% (50/56)
Inflow 92.9% (26/28) 81.0% (17/21)
Free 99.3% (134/135) 89.8% (53/59)
Composite graft 99.1% (105/106) 89.8% (44/49)
Aorta 100% (29/29) 90% (9/10)
All figures represent percentages of patent grafts, with numbers of patent grafts and
total grafts given in parentheses.
The Journal of Thoracic and CaBecause the right ITA is anatomically the same as the left
ITA, a longer patency duration would be expected than
with other arterial grafts. Because the length of the right
ITA when it is used as an in situ graft is sometimes not suf-
ficient for revascularization for lateral vessels, however, sev-
eral configurations have been proposed,10 such as an in situ
graft to the LAD and a free graft with proximal anastomoses
to the aorta or an in situ left ITA. Although there have
been many reports describing the feasibility and efficacy of
each technique, little has been reported about angiographic
patency rates comparing several configurations simulta-
neously. This study demonstrated that clinical and angio-
graphic outcomes were not significantly different between
in situ and free right ITA grafts at early and 1-year follow-
up. Additionally, in situ right ITA grafting to the LAD sys-
tem had a superior patency rate to other types of right ITA
grafting at early and 1-year angiography.
When the right ITA is used as an in situ graft, it can be use-
ful for revascularization of anterior or lateral vessel for sin-
gle anastomosis. When the in situ right ITA is anastomosed
to the LAD or diagonal branch, it is directed anterior to the
aorta.11 In such cases, the right ITA should be wrapped in
thymic tissue and covered with mediastinal fat to prevent in-
jury at reopening.12 We used an in situ right ITA for revas-
cularization of the anterior territory in 70.7% of patients. An
in situ right ITA has sufficient length to reach anterior ves-
sels in almost all patients. It is useful for unstable left
main and bifurcation disease when combined with the use
of an in situ left ITA for lateral vessels. When the right
ITA is anastomosed to the circumflex artery territory, it is
passed through the transverse sinus.13 In such cases, care
should be taken not to twist the graft. We used an in situ right
ITA for lateral territory in 23.2% of patients. It is useful for
revascularization of single major lateral vessel when it is
long enough. In this study, the patency rate at 1-yearrdiovascular Surgery c Volume 139, Number 4 871
TABLE 5. Occluded right internal thoracic artery grafts
Inflow Target vessel
Degree of native
coronary stenosis
Occluded
grafts
In situ
Right ITA Left anterior
descending artery
50% 1
Diagonal branch 50% 1
90% 2
Circumflex artery 50% 2
75% 3
90% 2
Inflow of other grafts 75% 4
Free
Left ITA Diagonal branch 90% 1
Circumflex artery 75% 2
Radial artery Diagonal branch 75% 1
Circumflex artery 50% 1
Aorta Circumflex artery 50% 1
ITA, Internal thoracic artery.
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used for anterior territory relative to when it was used for lat-
eral territory.
A free right ITA graft is useful for revascularization of
lateral or posterior vessels for single or multiple sequential
anastomoses. It can reach the posterior descending artery
with composite grafting when its proximal anastomosis is
carried out on the left ITA.14 Multiple sequential grafting
to lateral vessels with the free right ITA can reduce the total
number of grafts. In this study, the mean number of grafts
was significantly less in the free right ITA group than in
the situ right ITA group (P < .0001). Furthermore, the
mean number of distal anastomoses of the free right ITA
was significantly higher than that of the in situ right ITA
(P< .0001). The proximal anastomosis site of the free right
ITA (other grafts or aorta) did not affect the patency rate at
both of early and 1-year angiographic studies. Calafiore and
colleagues15 reported that the patency rate of the free right
ITA proximally anastomosed to the aorta was inferior to
that anastomosed to the left ITA. They suggested that the
reason for this poor graft patency rate was because of
a mismatch between the aorta and the conduit wall and a dif-
ference in the flow pattern. We did not observe an inferior
patency rate of the free right ITA anastomosed to the aorta
relative to that anastomosed to other grafts. We speculate
that the routine use of intraoperative epiaortic echocardiog-
raphy to detect a disease-free area of the aorta for proximal
anastomosis may minimize the mismatch of the wall
discrepancy.
There have been a few reports comparing the patency rates
between the in situ right ITA and the free right ITA.16,17 Re-
cently, Glineur and associates18 demonstrated that patency
rates were not different between an in situ group and a Y-
grafting group at 6-month postoperative angiography in
a prospective randomized trial. Our 1-year follow-up study872 The Journal of Thoracic and Cardiovascular Surgsupports their findings. In this study, both early and 1-year
angiographic studieswere performed in 312 patients. Among
those patients, 11 patients were newly found to have nonpa-
tent right ITA grafts at 1-year angiography. The target coro-
nary arteries had a low stenosis rate in 9 of these 11 patients.
Competitive or reverse flow related to a low stenosis rate
could be the potential cause of 1-year new nonpatency. It
has been suggested that arterial grafts tend to fail when
they are used for revascularization of target vessels with
low-grade stenosis.8 This tendency was observed in both
the in situ and free right ITA grafts in our study.
A skeletonized ITA provides a longer length and better
flexibility than a pedicled ITA. Skeletonization ensures
that the right ITA reaches the posterolateral vessels through
the transverse sinus as an in situ graft. Furthermore, multiple
sequential grafting can be easily performed with a skeleton-
ized free right ITA. The blood flow of a skeletonized ITA is
reported to be greater than that of a pedicled ITA.19 With the
skeletonization technique, the use of bilateral ITAs might no
longer be a risk factor for mediastinitis, because the collat-
eral blood supply to the sternum can be preserved.20,21
In situ ITA grafts are sometimes at risk for injury in reop-
erations. Recently, Roselli and colleagues22 reported an oc-
currence of ITA injury of 3% at reoperative cardiac surgery.
They commented that the best way to prevent injury to a pat-
ent ITA graft is to position it properly at the original opera-
tion. Preventive strategies are not always effective, however,
and intraoperative adverse events are difficult to eliminate.
On the other hand, Endo and coworkers12 reported that the
right ITAwas surrounded by loose connective tissue at reop-
eration and the patent ITA did not increase the risk of reop-
eration in their study. Our own study showed that the best
patency of the right ITA could be obtained with in situ graft-
ing to the LAD. Other configurations, however, such as in
situ grafting to the lateral wall through the transverse sinus
and free grafting to the lateral vessel with Y-composite graft,
had only slightly inferior patency. These configurations may
be much safer at reoperation than in situ right ITA graft to
the LAD. The actual graft strategy should be made after con-
sidering the risk of injury at potential reoperations as well as
graft patency outcomes.
This clinical study has the several limitations. It was
a retrospective observational study and was not randomized.
Also, we could not follow up all patients with right ITA
grafts. Our findings may not be applicable in such groups
as elderly patients and patients with renal insufficiency,
who did not have undergo follow-up angiography.
In conclusion, patency rates of in situ and free right ITAs
were identical at early and 1-year angiographic studies. In
situ grafting to the LAD had the best patency among various
configurations of right ITA graft; however, other configura-
tions had also excellent patency. Grafting strategy of right
ITA should be determined on the basis of conduit availabil-
ity, target location, and other clinical factors.ery c April 2010
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